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Objective:  To  analyze  speech  in  children  with  profound  hearing  loss  following  congenital  cytomegalovirus
(cCMV)  infection  with  cochlear  implantation  (CI)  before  the  age  of 3 years.
Material  and  methods:  In  a  cohort  of  15 children  with  profound  hearing  loss, speech  perception,  pro-
duction  and  intelligibility  were  assessed  before  and  3 years  after CI; variables  impacting  results  were
explored.
Results:  Post-CI,  median  word  recognition  was  74%  on closed-list  and  48% on  open-list  testing;  80%  of
children  acquired  speech  production;  and  60%  were  intelligible  for all listeners  or listeners  attentive
to  lip-reading  and/or  aware  of  the  child’s  hearing  loss.  Univariate  analysis  identiﬁed  3  variables  (mean
post-CI  hearing  threshold,  bilateral  vestibular  areﬂexia,  and  brain  abnormality  on  MRI)  with signiﬁcant
negative  impact  on  the development  of  speech  perception,  production  and intelligibility.
Conclusion:  CI showed  positive  impact  on hearing  and  speech  in  children  with  post-cCMV  profound
hearing  loss.  Our  study  demonstrated  the  key  role of maximizing  post-CI  hearing  gain.  A few  children
had  insufﬁcient  progress,  especially  in  case  of bilateral  vestibular  areﬂexia  and/or  brain  abnormality  on
MRI. This led  us to  suggest  that  balance  rehabilitation  and  speech  therapy  should  be  intensiﬁed  in such
cases.
©  2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
A number of studies focusing on speech perception, production
nd intelligibility following cochlear implantation (CI) in children
ith profound hearing loss following congenital cytomegalovirus
cCMV) infection have been published in the scientiﬁc medical liter-
ture over the last 15 years [1–10]. Analyzing them (Table 1) found a
reat heterogeneity in numbers included, age at CI and follow-up: 4
ad more than 3 years’ follow-up [3,6,8,9], 2 were based on cohorts
f at least 15 children [2,5], and 1 focused on children with CI earlier
han the theoretical age of speech acquisition (3 years) [6], but none
ssociated all 3 criteria. Likewise, some included both profound and
evere hearing loss and/or were based on parent surveys [1–10].
one, ﬁnally, systematically analyzed speech perception, produc-
ion and intelligibility, and some set the signiﬁcance threshold at
 < 0.1 rather than < 0.05 [1–10].
∗ Corresponding author.
E-mail address: laurence.laccourreye@nck.aphp.fr (L. Laccourreye).
http://dx.doi.org/10.1016/j.anorl.2015.08.020
879-7296/© 2015 Elsevier Masson SAS. All rights reserved.Given these various limitations in the reported studies and the
lack of any data for cohorts of children brought up in a French-
speaking environment, we performed a retrospective study of a
cohort of 15 children with cCMV profound hearing loss, assessing
speech perception, production and intelligibility 3 years post-CI,
exploring variables impacting results and analyzing results in the
light of the scientiﬁc medical literature.
2. Material and methods
Between 2001 and 2010, 51 cCMV children with profound hear-
ing loss received CI in the ENT departments of the Trousseau and
Necker hospitals (Paris, France). In this cohort, 18 received CI before
the age of 3 years. The 15 children with a minimum of 3 years’
follow-up after CI were included in the present retrospective anal-
ysis.cCMV infection was  diagnosed on the basis of maternal CMV
seroconversion during pregnancy, associated with neonate viruria
and/or positive PCR on Guthrie card. Table 2 documents clin-
ical (gender, mean pre-CI hearing loss (dB) according to the
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Table 1
Published series analyzing the impact of cochlear implantation on speech perception, production and/or intelligibility in cCMV children with profound hearing loss.
Authors N Age Follow-up Results
Pyman et al.a [1] 7 < 5 yrs 5 mo–12 yrs Results poorer than non-cCMV
Ramirez Inscoe and Nikolopoulosa [2] 16 M: 3.9 yrs 1–5 yrs Results identical to non-cCMV
Lee  et al. [3] 13 2–9.2 yrs 4 yrs Good results
Yoshida et al.a [4] 4 2–3.4 yrs 2.6–3.7 yrs Results identical to non-cCMV after 2nd month post-CI
Ciorba et al.a [5] 16 2–7 yrs 6 mo–18 yrs Results poorer than non-cCMV
Iwasaki et al.a [6] 2 1.9–2.9 yrs 36 mo Results identical to non-cCMV
Malik et al.a [7] 14 2–8.3 yrs 1 –11.5 yrs Results poorer than non-cCMV
Viccaro et al. [8] 6 2–10 yrs > 10 yrs Poor results
Matsui et al.a [9] 5 2.1–5.8 yrs > 4 yrs Results identical to non-cCMV if isolated hearing loss
Birman et al.a [10] 5 1–16 yrs 12 mo Results poorer than non-cCMV, especially in non-isolated hearing loss
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Table 3
Test scores.
Variables: (range) median Pre-CI 36 months post-CI
Speech perception
Word recognition (closed-list) (0) 0 (0–100) 74
Word recognition (open-list) (0) 0 (0–100) 48
Speech production (1) 1 (1–6) 3
two percent (5/12) of the children who  acquired speech production:  median.
a Case control study.
nternational Bureau for Audiophonology scale [11], progressive
earing loss, bilateral vestibular areﬂexia, ophthalmic abnormal-
ty, abnormal cerebral MRI) and treatment data (age at CI, mean
earing loss 12 months post-CI, CI model, contralateral aid or not,
ype of communication, type of schooling).
Language assessment was performed for each child ahead of
nd during the 36th month after CI by a specialized speech thera-
ist, at our clinic. Perception of the therapist’s speech was  assessed
n closed- and open-list word recognition scores on a 0-to-10
cale. Speech production was assessed on a 1-to-6 scale (mean-
ngless vocalization, words, incomplete sentences, correct simple
entences, complex sentences, structured ordinary language). The
ntelligibility of the child’s speech production was assessed on the
-to-5 Nottingham Speech Intelligibility Rating [12] (unintelligi-
le, a few words intelligible in context, intelligible for listeners
ttentive to lip-reading, intelligible for listeners aware of hearing
oss, intelligible to all). Data were entered in a PC. Statistical anal-
sis, on StatView software (SAS Institute), comprised two parts.
irstly, development of perception, production and intelligibility
ere analyzed by comparing scores before and 36 months after CI.
econdly, associations were sought between these developmen-
al data and the clinical and therapeutic variables documented in
able 2. Analysis used Mann-Whitney non-parametric U test and
imple regression ANOVA. The signiﬁcance threshold was set at
.05.
. Results.1. Speech perception
None of the 15 cCMV children had perception of the therapist’s
peech before CI (Table 3). Post-CI, median word recognition on
able 2
linical and therapeutic data.
Variables Population
Gender (female/male) 12/3
Age (months) at implantation: (range) median (14–36) 24
Mean hearing loss (dB) pre-implantation: (range) median (95–120) 119
Progressive hearing loss (yes/no) 5/10
Vestibular areﬂexia (no/unilateral/bilateral) 3/4/8
Ophthalmic involvement (yes/no) 3/12
Brain abnormality on MRI  (yes/no) 8/7
Schooling (normal/specialized) 8/7
Type of communication (oral, bilingual) 5/10
Implantation (unilateral, bilateral) 14/1
Implant model (Cochlear/Advanced Bionics) 14/1
Mean hearing loss (dB) 12 months post-implantation: (range)
median
(30–70) 35
Conventional contralateral aid (yes/no)a 7/7
RI: magnetic nuclear resonance imaging.
a 1 child with bilateral cochlear implants.Speech intelligibility (1) 1 (1–5) 3
CI: cochlear implantation.
closed-list was  74% and 48% on open-list (Table 3). On  closed-list
testing, 13% (2/15) of children failed to develop speech perception,
and 53% (8/15) on open-list testing. Median post-CI word recogni-
tion in children developing speech perception was  100% (range,
30–100%) on closed-list and 90% (range, 50–100%) on open-list
testing.
On univariate analysis (Table 4), 2 variables signiﬁcantly
impacted development of speech perception. The lower the mean
hearing loss 12 months post-CI, the better the closed-list develop-
ment (Fig. 1; P = 0.007). Median closed-list recognition varied from
60% with associated bilateral vestibular areﬂexia, to 100% without
(P = 0.04).
3.2. Speech production
Before CI, children produced only meaningless vocalizations
(Table 3). After CI, 20% (3/15) remained at that level (level 1). Forty-produced words or incomplete sentences (levels 2 and 3), 50%
(6/12) simple or complex sentences (levels 4 and 5) and 8% (1/12)
structured ordinary language (level 6).
Fig. 1. Linear regression (ANOVA): impact of mean hearing loss (MHL) after cochlear
implantation (post-CI) on speech perception development.
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Table  4
Statistical analysis (P values) of impact of various clinical and therapeutic variables on development of speech perception, production and intelligibility.
Variables Perception Production Intelligibility
Open-list Closed-list
Age (months) at implantation & 0.9 0.7 0.9 0.6
Mean hearing loss (dB)&
Pre-implantation 0.7 0.1 0.2 0.2
12  months post-implantation 0.007 0.08 0.01 0.007
Progressive hearing loss (yes/no)§ 0.1 0.1 0.07 0.8
Bilateral vestibular areﬂexia (yes/no)§ 0.04 0.08 0.09 0.03
Ophthalmic involvement (yes/no)§ 0.2 0.3 0.4 0.1
MRI  brain abnormality (yes/no)§ 0.2 0.6 0.08 0.04
Schooling (normal/specialized)§ 0.09 0.08 0.03 0.08
Type  of communication (O, bi)§ 0.6 0.7 0.5 0.1
Contralateral aida (yes/no)§ 0.6 0.9 0.9 0.9
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i: oral; bi: bilingual; tests: §:  Mann-Whitney U; &: ANOVA.
a Analysis on 14 children, 1 child with bilateral cochlear implant.
On univariate analysis (Table 4), 2 variables signiﬁcantly
mpacted development of speech production. The lower the mean
earing loss 12 months post-CI, the better was the development of
peech production (Fig. 2; P = 0.01). Development of speech produc-
ion was better in children receiving normal schooling (P = 0.03).
.3. Speech intelligibility
Before CI, children’s speech production was unintelligible (level
; Table 3). After CI, 40% (6/15) of children remained at level 1 or
roduced only a few words intelligible in context (level 2). Sixty-
even percent (6/9) of the children who acquired speech production
ere intelligible for listeners attentive to lip-reading or aware of
earing loss (levels 3 and 4) and 33% (3/9) for all listeners (level 5).
On univariate analysis (Table 4), 3 variables signiﬁcantly
mpacted development of intelligibility. The lower the mean
earing loss 12 months post-CI, the better the development of intel-
igibility (Fig. 3; P = 0.007). Development of intelligibility was  better
hen there was no bilateral vestibular areﬂexia (P = 0.03) or brain
bnormality on MRI  (P = 0.04).
. Discussion
Worldwide, CMV  infection (cCMV) affects 0.5% to 2.5% of
eonates, making it the most frequent congenital viral infection
13]. Ninety percent of cCMV infections are asymptomatic [14].
ensorineural hearing loss is the most common clinical manifesta-
ion, noted in 60% of symptomatic cases [14]. In France, 720–2400
f the 1200–4000 cCMV neonates born yearly show sensorineural
ig. 2. Linear regression (ANOVA): impact of mean hearing loss (MHL) after cochlear
mplantation (post-CI) on speech production development.hearing loss [15]. CMV  is thus, after genetic disease, the second
most frequent etiology of congenital childhood hearing loss [15].
Cochlear implantation offers a therapeutic solution adapted to
the difﬁculties children encounter when hearing loss is profound
[16]. Various studies [2,4,8,9] highlighted CI as the optimal means
of restoring hearing in cCMV children with profound hearing loss.
Ramirez Inscoe et al. [2] reported that mean tonal hearing loss in
cCMV children with profound hearing loss (> 90 dB) ranged from
60 dB with conventional hearing aids to 26–45 dB with CI. With
median hearing loss of 119 dB before and 35 dB 12 months after CI
(Table 2), the present cohort conﬁrmed that CI restores hearing in
cCMV children with profound hearing loss.
In the light of these good auditory results, several teams [1–10]
assessed the contribution of CI to speech perception, production
and intelligibility in cCMV children with profound hearing loss.
Analysis of these studies highlights the heterogeneity of their
results (Table 1) and the difﬁculty of assessing the impact of dis-
orders associated with sensorineural hearing loss. These studies
[1–10], which document the results achieved in cohorts of children
brought up in English, Japanese or Italian, are fraught with method-
ological limitations described in the introduction. The selection
of 15 cCMV children with profound hearing loss who received CI
before the age of 3 years and who  were followed up for a min-
imum 3 years post-CI, allowed us to avoid these methodological
limitations. Our ﬁndings can be analyzed along 3 main axes: the
beneﬁt of CI for speech perception, production and intelligibility,
the limitations of CI in terms of speech perception, production
and intelligibility, and the detection of variables that impact the
Fig. 3. Linear regression (ANOVA): impact of mean hearing loss (MHL) after cochlear
implantation (post-CI) on speech intelligibility development.
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evelopment of speech perception, production and intelligibility
difference between scores pre-CI and 36 months post-CI).
Regarding the beneﬁt of CI, our study found signiﬁcant improve-
ent in speech perception, production and intelligibility in cCMV
hildren with profound hearing loss (Table 3). Three years post-CI,
he median number of words pronounced by the speech thera-
ist and recognized by the children was 74% on closed- and 48%
n open-list testing, conﬁrming the improvement in speech per-
eption reported by Lee et al. [3]. Likewise, CI improved speech
roduction: before CI children produced only meaningless vocali-
ations (Table 3), but after CI 80% showed progress. This progress,
owever, was highly variable: 42% produced words or incomplete
entences, 50% simple or complex sentences, and 8% structured
ormal language. This is in agreement with Matsui et al.’s report [9]
hich noted that, 3 years post-CI, 4 of the 5 cCMV children in their
apanese cohort progressed in speech production. Finally, in terms
f intelligibility, in our series, speech was unintelligible before CI
Table 3); post-CI, 60% of the children had some progression, with
3% having speech intelligible to all listeners. This is in agreement
ith the report by Ciorba et al. [5], who, in a cohort of 16 Italian chil-
ren with profound hearing loss, underscored the improvement of
peech intelligibility after CI.
However, the apparent efﬁcacy of CI in terms of speech percep-
ion, production and intelligibility in cCMV children with profound
earing loss is to be taken with caution. In the current study, 53%
f the children did not develop speech perception on open-list
esting, which provides more thorough analysis than closed-list
esting. Likewise, 3 years post-CI, 20% of the children were still
roducing meaningless vocalizations and in 20% speech remained
nintelligible. We  are not the ﬁrst team to report such difﬁculties
n speech development after CI in cCMV children with profound
earing loss [1–3,5,7–10]. Lee et al. [3] underscored the slow
evelopment of speech perception in cCMV children, with a posi-
ive evolution on open-list testing 4 years post-CI. Several reports
lso pointed to a negative impact of associated motor or cog-
itive disorder [1,2,5,7,9]. Cognitive levels were not assessed in
he present cohort. Although we therefore cannot assess the role
layed by this variable, we consider it to be of major interest, as
n univariate analysis cerebral abnormalities on MRI  were found
o signiﬁcantly impair the development of speech intelligibility
Table 4). Likewise, bilateral vestibular areﬂexia was  signiﬁcantly
orrelated with the development of speech perception and intel-
igibility (Table 4). We  take this, like brain abnormality on MRI, as
ndicating more severe impact of cCMV. In such cases, we  consider
he intensiﬁcation of psychomotor rehabilitation and physiother-
py to be of utmost importance. Finally, the smaller the post-CI
ean hearing loss, the better the development of speech per-
eption, production and intelligibility (Table 4; Figs. 1–3). This
hould encourage us to seek optimal CI setting in order to achieve
ptimal hearing gain, and to consider early contralateral CI. It
s also to be stressed that neither mean pre-CI hearing loss, a
rogressive proﬁle of hearing loss, nor contralateral hearing aid
ad an impact on the development of speech perception, pro-
uction and intelligibility (Table 4). However, speech production
eveloped signiﬁcantly better (Table 4) if the child was  in normal
chooling. The value of this ﬁnding calls for discussion, as children
ay  have been schooled in normal classes because their level of
peech production was already deemed satisfactory by the speech
herapist.
[logy, Head and Neck diseases 132 (2015) 317–320
5. Conclusion
The present study conﬁrms the positive impact of CI before
the age of 3 years on hearing and speech in cCMV children with
profound hearing loss and the importance of maximizing post-CI
hearing gain. It also highlighted the fact that certain children do
not progress sufﬁciently. Limiting factors identiﬁed were bilateral
vestibular areﬂexia and brain abnormalities on MRI: such ﬁndings
doubtless correspond to more severe cCMV impact. They should
prompt us, on the one hand, to prepare the parents for difﬁculties
in post-CI speech acquisition, so that their expectations may  be
realistic, and, on the other hand, to reinforce balance rehabilitation
and speech therapy.
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